T he social and environmental changes that accompany urbanisation are important determinants of health in contemporary society (1, 2) . Modern cities can bring population health gains through physically safer jobs, dietary diversity, preventive health programmes and environmental improvements. Simultaneously, the added density of cities encourages health problems: hastily erected housing, stressed waste disposal systems and air pollution due to increasing use of automobiles (2) . Cities provide the settings in which the consumption of novel commodities and behaviours are learned. As city dwellers become more affluent, they encounter new risks from their consumption-oriented activities, as distinct from earlier risks arising from their living and working conditions. New health risk activities include smoking, saturated fat consumption, excessive alcohol intake, physical inactivity and hazardous motor vehicle use. Despite the various urban health risks, rural people are attracted to cities due to opportunities for a better life through employment and upward economic mobility (3) . Worldwide, urbanisation has reached the point where more than half of the world's population live in urban areas, with much of this growth being due to migration from rural areas (4) .
Rapid urbanisation is particularly apparent in developing countries (5, 6) . Although still primarily a rural country (7) , Thailand has been through a major urbanisation process during recent decades (8) . The transition of much of Thailand from a predominantly rural and agricultural country to an increasingly urban country with an industrial and service economy must have a profound impact on social conditions and other health determinants that are part of the Thai health-risk transition 1 (9) . There is documentary evidence for a range of health-damaging consumption practices in Thailand today, including food, alcohol and drug consumption (10) . Urbanisation is recognised as a driver for the globally changing health hazard panorama with specific proximate social, economic, environmental and behavioural health risks developing in the wake of urbanisation (11, 12) . A fundamental challenge in urbanisation studies is the absence of an accepted standard for the classification of urban environments (5) . These difficulties extend to assessing the impact of urbanicity (how urban a place is) which itself is not well defined (13, 14) . Urbanisation studies can be categorised into those that: (1) focus on urbanÁrural comparisons; (2) consider rural to urban migration; and (3) consider particular population groups within the city (urban inequalities) (15) . In rapidly urbanising countries that are opening up to Western market influences, urbanisation studies of the role of ruralÁurban migration on health-related behaviours are urgently needed (15) .
Here we report on a large national cohort of 87,134 adults in the Thai Cohort Study (TCS), first surveyed in 2005, to examine the role of urbanisation in the Thai health-risk transition. The 20-page baseline questionnaire covered seven domains: (A) socio-economic status and domestic environment in the present and past; (B) income and work; (C) self-reported health, injuries and health service use; (D) social networks and well-being; (E) food and physical activity; (F) tobacco, alcohol and transport; and (G) family (16) . Questions about present and past location of residence provided a unique four-level measure of individual migration between rural and urban areas ('urbanisation').
The aim of this paper is to describe the associations between urbanisation and exposure to the entire hierarchy of health determinants, from distal socio-environmental conditions to mid level determinants and proximate lifestyle and behavioural factors as well as health outcomes.
Methods
A large national cohort study of the health-risk transition in Thailand began in 2005 with a questionnaire survey of Thai residents aged 15Á87 years enrolled as students at the Sukhothai Thammathirat Open University 2 (STOU) (16). About 200,000 students were approached and 87,134 replies were received. The personal characteristics of STOU students was well represented by the cohort respondents. Age, sex, marital status and geographical location were all reported for the whole student body in 2005 and proportions in each category were very similar to those noted for the cohort. 
The urbanisation variable
Respondents were asked to report whether their present location of residence was rural (R) or urban (U) and also on the location of their residence when they were 10Á12 years old (yo) (again, R or U). We defined four urbanisation status groups by classifying individuals according to the four possible U and R combinations: RR (n037, 735), RU (n 027, 422), UR (n03, 706) and UU (n017, 145). From hereon, we refer to the RR group as 'ruralites', the RU group as 'urbanising', the UR group as 'de-urbanising' and the UU group as 'urbanites'. Table 1 shows the hierarchy of determinants that may be influenced by urbanisation. These were chosen to represent high, mid and proximate level health determinants in a conceptual 'cause-effect' framework similar to those developed by WHO in recent years (17, 18) . The table also shows the indicators examined at each determinant level, selected from the variables in the TCS baseline questionnaire.
Health determinants and outcomes
The high-level (socio-economic) health determinants in the questionnaire were primary education, income and employment, and the housing conditions and the possession of household appliances that are closely associated 1 By health-risk transition we mean the change from a health determinants mix dominated by 'traditional' hazards, such as water and sanitation, malnutrition and vector-borne diseases, to the 'modern' hazards of urban pollution, tobacco smoking, road accidents, mass-produced high calorific foods, etc.
with a person's economic status. The mid-level (environmental) determinants included aspects of the neighbourhood physical and social environment, and hazards in the workplace. The most proximate (behavioural) health determinants were diet, physical activity and health-damaging practices. As indicators of potential health outcomes, we included three types of selfreported health status variables: metabolic health states, general and mental health and injuries.
For all these indicators the exact questions asked and the criteria used are given in conjunction with the description of figures given in the 'Results' section. In converting the variables to binary indicators, cutpoints were chosen by balancing various considerations, including standard practice, common sense and the cutpoint to best highlight the point being made.
Statistical analyses
Subjects with missing information on age, sex, location of residence now or when 10Á12yo were excluded, leaving 86,008 subjects in the analysis sample. The results comprise analyses of 36 (binary) variables, the selected indicators of health determinants and outcomes. The core results are presented graphically in Figs. 1Á4 as prevalences of each indicator by sex, age group and urbanisation status. Confidence intervals are not shown in the figures because they are very small due to the large sample size (all sample sizes were over 75,000). To illustrate the precision achieved, confidence intervals for the analyses with the smallest sample size ('working extended hours') are shown in the text. Chi-squared tests were used to test for differences between groups and to ascertain the existence of linear trends. For clarity of presentation, p-values have not been reported as all tests were highly significant (pB0.001). When we describe a pattern as 'increasing', 'decreasing', 'higher' or similar, the relevant statistical test had been performed and found to be statistically significant.
Age groups
Three age groups were chosen to represent approximate life stages: 33% of respondents fell in the 15Á25yo range which captured the majority of full-time university students (mean age 22 years); 52% were in the 26Á39yo range which captured the majority of respondents with dependent children (mean age 31 years); the mean age of the remainder was 44 years and comprised 15% of respondents. To test whether the older and younger age 
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(page number not for citation purpose) group results were influenced by the inclusion of age 'outliers', the above analyses were repeated without the respondents below age 20 (n0839) and above age 60 (n 0255). The results for all variables were virtually the same as those reported here.
Results
Migration to urban areas Just over half (52%) of the sample were living in urban areas in 2005 compared to only a quarter (24%) when they were 10Á12yo ( Table 2) . One-fifth of the sample was permanent urban dwellers (urbanites, UU), with 33% living in Bangkok. The younger group was more likely to live currently in rural areas; among the 15Á25yo, 50% were ruralites compared to 43% in the 26Á39yo and 35% in the 40'yo groups. One-third (33%) of respondents from Bangkok were urbanites, with over a quarter (27%) being urbanisers. In North, North-east and South Thailand, the majority (58, 58 and 54%, respectively) were ruralites and a quarter or less were urbanisers.
Socio-economic conditions (high-level health determinants)
The graphs in Fig. 1 show, by age group, the proportion of males and females on a range of socio-economic indicators against their urbanisation status. In this population of open university students, significantly lower proportion of males than females had post highschool education (Fig. 1a) . In the two older age groups, education level increased in males with urbanisation and the trends for females were not so clear. Males and females had similar rates of paid employment. The proportion of individuals with personal income greater than 10,000 baht increased with urbanisation status.
In all age groups, a significantly higher proportion of urbanisers lived in rented homes (Fig. 1b) (15Á25yo: RU 33% vs others 9%; 26Á39yo: 26% vs 8%; 40': 10% vs 5%). Urbanisers in the 15Á25yo age group were also less likely to have basic home amenities including a refrigerator, fan, TV and mosquito protection (Fig. 1b) . A significantly higher proportion of urban dwellers (RU and UU) reported rubbish and bad odours being a major problem in the neighbourhood (Fig. 1b) . The possession of modern appliances in the home (washing machines, microwaves and water heaters) and car ownership increased with increasing urbanisation status, while motorcycle ownership decreased (Fig. 1c) .
Environmental conditions (mid-level health determinants)
In all age groups, air, water or noise pollution was reported as 'big problems' by significantly higher proportion of urban (UU and RU) than rural (RR and UR) dwellers (Fig. 2a) (urban 32% vs rural 15%). Problems with agrochemicals and pesticides were more common among rural dwellers (Fig. 2a) . However, the actual prevalence was low, less than 10% in all groups. The frequency of experiencing hazards in the workplace, such as uncomfortably high temperatures and handling dangerous products, was higher for males and for urbanisers and de-urbanisers in all age groups (Fig. 2a) .
The urbanisers, particularly in the younger age groups, stood out as having a significantly lower proportion who spend time on social activities (Fig. 2b) (15Á25yo: RU 13% vs others 28%; 26Á39yo: 12% vs 24%; 40'yo: 16% vs 25%). They also reported lower levels of trust. Urbanites in the older age groups spent less time on social activities, had less social support and lower levels of trust than ruralites.
Among employed individuals, especially in the younger age groups, significantly higher proportion of urbanisers did shift work and worked extended hours (males: RU 24% (95% CI 23Á26%) vs others 20% (19Á21%; females: 29% (28Á31%) vs 20% (19Á21%)) (Fig. 2c) . However, the trends varied between the age groups, and in the younger age groups, there was a pronounced trend of decreasing job insecurity with urbanisation status (Fig. 2c ).
Behavioural hazards (proximate level health determinants)
The proportion of individuals with unhealthy diets increased with increasing urbanisation status, the trend being most apparent in the consumption of 'junk' food (Fig. 3a) . The proportion of individuals engaging in regular physical activity decreased with increasing urbanisation status, while the proportions who spend two or more hours everyday watching TV or playing computer games increased (Fig. 3b) . Formal exercise was much more common among males, while daily housework was more common among females and reduced considerably with urbanisation (Fig. 3b) .
Although smoking and drinking rates were marginally higher among urbanites compared to ruralites in the younger age groups, there was no strong trend with urbanisation (Fig. 3c) . Almost no females smoked and only 10% drank, while 20Á30% of males smoked or drank. Smoking among males increased slightly with age, while drinking habits increased considerably with age (Fig. 3c) . The rates of smoking were significantly higher among de-urbanising males compared to males in the other urbanisation status categories (males: UR 28% vs others 21%), and also higher among UR females (females: 2% vs others 0.9%). Similar results were seen with drinking. There was a slight trend towards greater non-use of car seatbelts and motorbike helmets in urban compared to rural dwellers among the 40'yo males (Fig. 3c) , while this group on average reported the lowest non-use rates, particularly among males.
Health outcomes
Males had much higher self-reported rates of obesity, high blood -pressure and diabetes than females (Fig. 4a) . In the youngest age group, obesity was more strongly associated with location of residence when 10Á12yo than with present location of residence, with urban residents reporting more obesity for both sexes (Fig. 4a) . In the 40' age group, the patterns were opposite for males and females: males now living in urban areas (RU and UU) were associated with higher rates of obesity than rural male, whereas urban females showed lower rates of obesity than rural females. Obesity patterns in the 26Á 39yo group were intermediate between the 15Á29yo and 40'yo groups.
Rates of high blood pressure were very low and did not show any clear patterns in the two younger age groups (Fig. 4a) . Among 40'yo males, there was a significant trend towards higher rates of high blood pressure with increasing urbanisation. Diabetes was also strongly agerelated with much higher rates among males than females in the 40'yo group but there was no strong trend with urbanisation (Fig. 4a) . It should be noted that these are self-reported health conditions, consequently the results are influenced by access to health services.
The general overall health variable deteriorated with urbanisation (Fig. 4b) . The two mental health variables (psychological distress and emotional limitation) declined with increasing urbanisation status in the two younger age groups (Fig. 4b ). An unexpected, though striking feature was the significantly higher rates of diminished mental health among UR individuals (particularly females) compared to the others (overall health: UR 37% vs others 29%; distress: 11% vs 8%; emotional limitation: 15% vs 11%). Among the 15Á25yo, the effect was more pronounced among males than females, while in the older age groups it was more pronounced in females.
Traffic and workplace injuries were more frequent among males than females (Fig. 4c) , but the urbanisation gradients were not strong. Home injuries were more common among females and increased with urbanisation in the oldest age group (Fig. 4c) . and health-related behaviours. We described, in a specific country context and using individual data from a large cohort, the associations between individual urbanisation status and self-reported exposures to health determinants and health outcomes. The potential importance of the determinants examined here are highlighted in a review of health developments during the last 50 years in Thailand which documented the components of the Thai healthrisk transition (9) .
Our sample of open university students represents a group of emerging educated Thais who are socioeconomically and geographically similar to the general Thai population (16). Arguably the sample comprises those first affected by the health-risk transition underway in Thailand, who might serve as sentinels of emerging health risk patterns during the country's continued economic and social development. Thailand is not particularly urbanised compared to other middle-income countries, but urbanisation has steadily progressed since 1950, and the expectation is that this process will continue (7) . The nature of our cohort is such that they will conceivably be working primarily in urban areas in the future. This trend towards urbanisation of the cohort is also evidenced by the fact that 32% of them have moved from rural to urban areas since childhood, while only 4% moved in the opposite direction.
A central strength of this study is the large cohort size of over 87,000 adults who had responded to a wideranging survey of health-risk determinants and health outcomes. Other urbanisation studies were of two types: community-based with relatively small sample sizes from a few hundred (19, 20) to a few thousand subjects (21Á 23), or large studies utilising routinely collected national surveillance databases (24Á26). The range of health determinants available for analysis was generally limited in these larger studies. The TCS database with its large size and wide range of available information created a unique opportunity to examine urbanisation across the entire health risk hierarchy. The large number of variables presented here has however limited this study to a descriptive examination without multivariate results.
Methodologic issues
Measuring and comparing the degree of urbanisation between different areas and times can be challenging because there is no well-defined measure of urbanisation (14, 27) . Many urbanisation studies adopted the classic ruralÁurban dichotomy (19, 20, 24, 28) or used an urbanisation measure derived specially for the study. With our measure of urbanisation, urbanicity of residence was nominated subjectively by the respondent. Using self-reported 'urban or rural' residence at the time of the survey and at a past occasion, the four-level urbanisation variable captures perceived urbanisation, and is unique in allowing comparison of ruralites to urbanites as well as comparison to urbanisers and deurbanisers. The health risk differentials between ruralites and urbanites were consistent with expected differences between rural and urban dwellers (urbanites had higher personal income, car ownership, consumption of 'junk food', physical inactivity, obesity and high blood pressure than ruralites) suggesting that the 'self-reported' urbanisation variable provides a valid measure of urbanisation.
There are however some issues of interpretation. The younger subjects have only lived approximately 10 years since the age of 10Á12 years, while the mid and older age groups have lived approximately 20 and 30 years beyond that age, respectively. On the other hand, the ages at which any moves took place from rural to urban and vice versa were not recorded, so the exact periods of rural and urban exposure are not known. Nevertheless, the trends of health determinants and health status we document are so strong it is unlikely that the type of urban/rural definition used would significantly alter the findings.
Health risk gradient with urbanisation
New insights about the relative health risk differentials between urbanites (UU), ruralites (RR) and the two migrant groups, urbanisers (RU) and de-urbanisers (UR), were possible because of the four-level structure of the urbanisation variable. It was interesting to note that ruralites and urbanites often were the two extremes. Urbanisers appeared to have maintained some of the health risk patterns experienced by the ruralites, while the de-urbanisers maintained patterns from the urbanites, so that for several variables we observed continuous trends from RR to RU to UR to UU. The strongest trends between urbanisation and health determinants appeared for income, job insecurity and the life-style and behavioural factors. The trend of increasing income with urbanisation is not surprising and is consistent with a recent analysis (29) . Clear trends were also seen for several other income-dependent variables, specifically ownership of basic home amenities, modern appliances, motorcycles and cars. The trend in perception of job insecurity in our sample could be due to the decreasing proportions of persons on fixed-term employment contracts and in casual employment with increasing urbanisation (percentage in fixed term or casual employment: RR 32%, RU 22%, UR 22%, UU 20%). Junk food consumption and sedentary life-style showed strong increasing trends with urbanisation, while physical activity showed decreasing trends. Studies that analyse dietary patterns in general indicate that junk food is a feature of the urban diet (30) . Novel practices and forms of consumption are a defining feature of cities and it is these that sociologists and 'diffusion of innovation theorists' argue spread from cities to rural areas (31) . A study in Cameroon (28) showed similar differences in physical activity levels between rural and urban dwellers, and another found that females migrating to urban areas in Guatemala (19) experienced increased sedentary lifestyle and unhealthy eating habits in addition to increased obesity and unhealthy lipid profiles. Interestingly, the reductions in physical activity associated with the move from rural to urban areas in China are found primarily in occupational physical activity (32) . In the USA, studies of physical activity have focused on non-occupational physical activity, and such activity is reported to increase with urbanisation (33) . It is likely that this pattern is related to the increasing use of gyms and other exercise facilities in affluent societies.
Urbanisers: rural to urban migrants The urbanisers were the most 'hard-working', having the highest proportion who are working and highest rates of working extended hours. They are worst off overall in terms of socio-environmental conditions Á housing, social networks, environment and workplace hazards. But there may be some indirect or future benefits that we have not asked about, such as the health value of remittances to rural relatives or the improved educational opportunities for their children. The extended working hours and other challenging working environment conditions found in the urbanisers have been reported also among rural-to-urban migrants in China (22, 34) . In one study migrants were more likely to experience unstable living arrangements, substandard employment conditions and suboptimal health status (22) . In another study, migrants were found not to be especially vulnerable to poor mental health in spite of long working hours and substandard living conditions, concluded that this may be associated with a sense of wellbeing from improved personal economic conditions (34) . Another plausible explanation is that only healthy migrant workers are selected into and remain in work (the Healthy Worker Effect) (35) . Another Chinese study described an association of increasing smoking habits with rural-to-urban migration (21) . However, our cohort did not show this pattern, possibly because Thailand and China are on different health transition paths due to cultural, historical, economic and ecological differences.
De-urbanisers: urban to rural migrants
The relatively small group of de-urbanisers had the highest rates of overall health, mental health problems and injuries, as well as smoking and drinking risks. This may be related to circumstances that led to their moving from urban to rural against a general trend to urbanise. They may have moved to join family members because of their own health problems or to care for elderly parents. A tendency for 'return migration' due to illness or retirement was identified in a recent South African study (36) . European studies have demonstrated that higher levels of smoking and alcohol consumption are associated with depression and other mental health conditions (37, 38) . The de-urbanisers' drug consumption patterns may reflect a poorer mental health status as well as their exposure to urban ways of life.
Further work
The observations in this study have highlighted directions for further work. With the baseline data, research issues include: studying the mental health effects of rural-urban migration; investigating whether the significantly higher non-use of seatbelts and motorcycle helmets among older female urbanites are associated with higher rates of disabling traffic injuries; and examining whether the higher reported exposure to environmental hazards are associated with higher risks of adverse health conditions.
In a recent review of future directions for urbanisation research in developing countries, Harpham (15) had stressed 'the need for longitudinal research that can address the causal links between risk factors in the urban environment and health outcomes'. A follow-up questionnaire in 2008Á2009 to all TCS participants will start the generation of data for longitudinal research. This study has highlighted several pertinent research questions for prospective analyses of the 2008Á2009 and later surveys: assessing the contribution that the increasing trend of junk food consumption and physical inactivity with urbanisation makes to the pattern of increasing risk of obesity, hypertension and diabetes with urbanisation; examining whether the apparent work-related and financial stress experienced by younger urbanisers put them at increased risk of diminished health in the longer term; investigating whether the higher rates of smoking, drinking, emotional stress and injuries among de-urbanisers and persist beyond the 2005 baseline and if so, identifying the factors associated with it.
Conclusions
The 'self-reported' urbanisation measure was found to be a valid measure of urbanisation which led to new insights on the health risk exposures of migrants relative to permanent rural and permanent urban dwellers. There are distinct differences between participants classifying their residence as rural or urban within our cohort of more than 87,000 adults in Thailand. Urbanisation is a key element of the Thai health-risk transition.
